Durance River modelling for environment and safety management by Viard, Thomas & Duclerq, Marion
Conference Paper, Published Version
Viard, Thomas; Duclerq, Marion
Durance River modelling for environment and safety
management
Zur Verfügung gestellt in Kooperation mit/Provided in Cooperation with:
TELEMAC-MASCARET Core Group
Verfügbar unter/Available at: https://hdl.handle.net/20.500.11970/107178
Vorgeschlagene Zitierweise/Suggested citation:
Viard, Thomas; Duclerq, Marion (2019): Durance River modelling for environment and safety
management. In: XXVIth TELEMAC-MASCARET User Conference, 15th to 17th October
2019, Toulouse. https://doi.org/10.5281/zenodo.3611613.
Standardnutzungsbedingungen/Terms of Use:
Die Dokumente in HENRY stehen unter der Creative Commons Lizenz CC BY 4.0, sofern keine abweichenden
Nutzungsbedingungen getroffen wurden. Damit ist sowohl die kommerzielle Nutzung als auch das Teilen, die
Weiterbearbeitung und Speicherung erlaubt. Das Verwenden und das Bearbeiten stehen unter der Bedingung der
Namensnennung. Im Einzelfall kann eine restriktivere Lizenz gelten; dann gelten abweichend von den obigen
Nutzungsbedingungen die in der dort genannten Lizenz gewährten Nutzungsrechte.
Documents in HENRY are made available under the Creative Commons License CC BY 4.0, if no other license is
applicable. Under CC BY 4.0 commercial use and sharing, remixing, transforming, and building upon the material
of the work is permitted. In some cases a different, more restrictive license may apply; if applicable the terms of
the restrictive license will be binding.
Verwertungsrechte: Alle Rechte vorbehalten
 
 
D ur a n c e Ri v er m o d elli n g f or e n vir o n m e nt a n d s af et y 
m a n a g e m e nt  
Vi ar d T h o m as 
H y dr a uli c E n gi n e eri n g C e nt er 
E D F 
L a M ott e S er v ol e x, Fr a n c e 
T h o m as. vi ar d @ e df.fr 
D u cl er c q Mari o n 
H y dr a uli c E n gi n e eri n g C e nt er 
E D F 
L a M ott e S er v ol e x, Fr a n c e 
 
 
A b str a ct — D u r a n c e Ri v e r i n S o ut h E a st of F r a n c e is hi g hl y 
infl u e n c e d b y S e r r e- P o n ç o n a n d S ai nt e C r oi x d a ms. Wit h t h o s e 
d a ms, re g ul a r fl o o ds n o l o n g e r cle a r v e g et ati o n i n D u r a n c e Ri v e r 
b e d. E D F m a n a g es t h os e d a ms a n d h as t o cl e a r v e g et ati o n t o 
r e pl a c e fl o o d a cti o n t o a v oi d w o rs e ni n g e xt r e m e fl o o ds. 
A ut h o riti e s i n c h a r g e of fl o o d s afet y m a n a g e m e nt a s k E D F f o r 
a n i m p o rt a nt cle a ri n g of v e g et ati o n, a n d a ut h o riti e s i n c h a r g e of 
E n vi r o n m e nt a s k E D F t o p re s e r v e ve g et ati o n a s m u c h as 
p o ssi bl e. To re c o ncil e t h os e t w o o p p o site o bj e cti v es, a p r ef e ct u r al 
d e c re e w a s p u blis h e d as ki n g E D F t o p re s e r v e ve g et ati o n if it 
d o es n’t w o rs e n w ate r le v el i n fl o o d pl ai n (i n c r e as e b et w e e n wit h 
a n d wit h o ut v e g et ati o n of l ess t h a n 5 c m i n hi g hl y s e nsiti v e a r e as 
– u r b a n a re as – a n d l e ss t h a n 1 0 c m i n m o d e r atel y s e nsiti v e a re as 
– a g ri c ult u r al a re as). T o a ns w e r t h at p ref e ct u r al d e c re e, E D F 
c h o os es t o m o del D u r a n c e Ri ve r f r o m S e r r e- P o n ç o n d a m t o its 
c o nfl u e n c e wit h R h o n e Ri ve r ( 2 0 4 k m). 1 4 T E L E M A C- 2 D 
m o d els a re o r will b e b uilt t o o pti mis e t h e cle a ri n g of ve g et ati o n. 
D u r a n c e be d c h a n g es oft e n, t h e ref o re t h os e m o d els a n d t h ei r 
c ali b r ati o n a re u p d at e d re g ul a rl y.  
T his a rti cl e f o c us e s o n t w o m o d els: “ B o n p a s L e R h ô n e ”, j ust 
u pst r e a m of t h e c o nfl u e n c e wit h t h e R h ô n e Ri v e r, a n d 
“ B rill a n n e ”, a p a rt of D u r a n c e b et w e e n t h e c o nfl u e n c e wit h t h e 
Bl é o n e Ri v e r a n d t h e c o nfl u e n c e wit h t h e Ve r d o n Ri v e r. It d et ails 
m et h o d ol o g y f o r c o nst r u cti o n, u p d at e s, c ali b r ati o n a n d w a y of 
o pti mis ati o n.  
I. IN T R O D U C TI O N  
C o nstr u cti o n of t h e S err e- P o n ç o n d a m a n d S ai nt e Cr oi x d a m 
s ig nifi c a ntl y m o difi e d fl o w s d o w nstr e a m i n t h e D ur a n c e Ri v er. 
E D F, a s a ma n a g er of t h os e d a ms, h a v e t o li mit gr o wt h of 
v e g et ati o n i n ri v er b e d t o a v oi d i n cr e a s e of d a ma g e s i n fl o o d pl ai n 
i n c a s e of si g nifi c a nt fl o o d ( u ntil 1 0 0- y e ar r et ur n fl o o d). 
O n t h e ot h er h a n d, v e g et ati o n i n ri v er b e d r e pr es e nts a r e al 
e n vir o n me nt al i nt er e st f or f a u n a a n d fl or a ( b e a v ers, ma n y ki n d of 
bir ds …).  
T h er ef or e A ut h oriti e s a s k E D F t o r e c o n cil e t w o o p p osite 
o bj e cti v es: 
•  T o mai nt ai n a g o o d l e v el of s af et y a g ai nst fl o o ds 
•  T o li mit e n vir o n me nt al i m p a ct of v e g et ati o n cl e ari n g 
A ut h oriti e s p u blis h e d a pr ef e ct ur al d e cr e e as ki n g E D F t o 
m o d el D ur a n c e Ri v er wit h a n d wit h o ut b e d v e g et ati o n t o c o m p ar e 
fr e e s urf a c e el e v ati o n. T h at d e cr e e d efi n es t h e f oll o wi n g 
c rit eri o n: “ A n i nt er esti n g e n vir o n m e nt al sit e c a n b e pr es er v e d 
fr o m v e g et ati o n cl e ari n g if t h e a v er a g e d i n cr e as e of fr e e s urf a c e 
el e v ati o n is li mit e d t o 5 c m i n hi g hl y s e nsiti v e ar e as a n d t o 1 0 c m 
i n m o d er at el y s e nsiti v e ar e as ”. 
 
II. M E T H O D O L O G Y  
A.   V o c a b ul a r y 
T h e  p art of ri v er b e d w h er e E D F h as t o li mit gr o wt h of 
v e g et ati o n i s c all e d t h e “ cl e ari n g ” c h a n n el. T h e wi dt h of t hi s 
cl e ari n g c h a n n el i s d efi n e d b y l a w si n c e 1 9 7 9. It s wi dt h v ari es 
fr o m 6 0 m d o w nstr e a m S err e- P o n ç o n d a m t o 4 0 0 m j u st 
u pstr e a m c o nfl u e n c e wit h R h o n e Ri v er ( Fi g. 1). E x a ct 
l o c ali s ati o n of t hi s cl e ari n g c h a n n el i s n ot d efi n e d b y l a w, b ut 
it i s s u p p o s e d t o b e c e ntr e d o n t h e ri v er a xi s, e x c e pt l o c all y (if 
a ri v er b a n k i s si g nifi c a ntl y hi g h er t h a n t h e ot h er, cl e ari n g 
c h a n n el i s d e p ort e d o n t h e l o w est b a n k). 
T o e v al u at e t h e i n cr e as e of fr e e s urf a c e el e v ati o n, t h e 
r ef er e n c e c as e i s a cl e ari n g c h a n n el wit h o ut v e g et ati o n. It i s 
c all e d t h e r ef er e n c e c h a n n el. 
T h e o bj e cti v e of E D F i s t o k e e p t h e m a xi m u m of 
i nt er esti n g e n vir o n m e nt al sit es w hil e r es p e cti n g t h e 
pr ef e ct ur al d e cr e e. T h e fi n al c h a n n el, w hi c h i s r e a c hi n g E D F 
o bj e cti v es, i s c all e d “ o pti mi s e d ” c h a n n el. 
 





Fi g ur e 1: Wi dt h of t he cl e ari n g c h a n n el al o n g D ur a n c e Ri ver (t h e “ R E F ” of 
e a c h s e ct or is i n di c at e d o n t he a b o ve m a p) 
B.  M o d el c o n st r u cti o n 
1 4 T E L E M A C- 2 D m o d el s ar e or will b e b uilt t o o pti mi s e 
t h e cl e ari n g c h a n n el.  
1)  B at h y m et r y/t o p o g r a p h y: I n 2 0 1 6, a LI D A R w as d o n e 
f or all t h e ri v er b e d t o p o gr a p h y fr o m S err e- P o n ç o n d a m t o 
R h o n e Ri v er ( 2 0 4 k m) d uri n g l o w- w at er p eri o ds. F or 
b at h y m etr y, cr o ss s e cti o ns w er e al s o m e as ur e d e v er y 5 0 0 m. 
D uri n g l o w w at er p eri o ds, w at er d e pt hs ar e i n g e n er al l ess t h a n 
2 0 c m i n D ur a n c e Ri v er, t h er ef or e LI D A R i s m ai n s o ur c e u s e d 
t o b uil d t h e Ri v er b e d g e o m etr y of t h e T E L E M A C m o d el; 
cr o ss s e cti o n ar e u s e d o nl y f or p o ol s. L o c al b at h y m etr y w er e 
d o n e f or d a m r es er v oirs. F or Fl o o d pl ai n t o p o gr a p h y, a 
LI D A R fr o m Fr e n c h N ati o n al G e o gr a p hi c I nstit ut e (I G N) i s 
u s e d. Fi n all y, l o c al t o p o gr a p h y i nf or m ati o n (fr o m S y n di c at 
Mi xt e d’ A m é n a g m e nt d e l a v all é e d e l a D ur a n c e – S M A V D – 
or g a ni z ati o n i n c h ar g e of fl o o d miti g ati o n o n D ur a n c e Ri v er) 
i s u s e d t o m o d el fl o o d pr ot e cti o n str u ct ur es.  
2)  M es h: t h e a v er a g e m es h si z e i s 1 0 m i n ri v er b e d, 
wit h o ut c o nstr ai nt li n es f or e as y u p d at e i n t h e f ut ur e. ; it i s 
b et w e e n 2 0 a n d 3 0 m i n fl o o d pl ai n, e x c e pt f or fl o o d 
pr ot e cti o n str u ct ur es. T h o s es str u ct ur es ar e m o d ell e d wit h 5 
c o nstr ai nt li n es ( 2 at t h e b ott o m, 3 at t h e cr est) t o a v oi d 
“ n u m eri c al o v ert o p pi n g ” ( Fi g. 2). T h e m es h si z e f or t h e 
str u ct ur es d e p e n ds o n t h eir t y p e : 1 0 m f or w eirs a n d bri d g es, 
2 0 m f or d y k e s, 4 0 m f or r o a ds a n d r ail w a ys.  
 
Fi g ur e 2: me s h f or fl o o d pr ot e cti o n str uct ur e s 
 
3)  B o u n d a r y c o n diti o n s:  h y dr o gr a p hs ar e i m p o s e d 
u pstr e a m. T h e s h a p e of 1 9 9 4 m ai n fl o o d i s r e u s e d wit h 
h o m ot h et y f or m a xi m al di s c h ar g e. R ati n g c ur v es ar e u s e d 
d o w nstr e a m. Fl o o ds of r et ur n p eri o ds r a n gi n g b et w e e n 3 0 a n d 
1 0 0 ye ar ar e st u di e d.  
4)  St ri c kl er c o effi ci e nt: d uri n g m o d el c o nstr u cti o n, t h e 
f oll o wi n g Stri c kl er c o effi ci e nt s ar e u s e d:  
•  R es er v oirs, l a k es, p o ol s : 3 5 m 1/ 3 / s 
•  Ri v er b e d: 3 0 m 1/ 3 / s 
•  Fi el ds, d y k es a n d r o c kfill w eirs: 2 0 m 1/ 3 / s 
•  V e g et ati o n wit h l o w d e n sit y: 1 5 m 1/ 3 / s 
•  Ur b a n ar e as: 1 0 m 1/ 3 / s 
•  V e g et ati o n wit h hi g h d e nsit y: 8 m 1/ 3 / s 
C.  M o d el v ali d ati o n 
T o o pti mi s e t h e cl e ari n g c h a n n el, v e g et at e d ar e as a n d 
cl e ar e d ar e as ar e m o d ell e d wit h diff er e nt Stri c kl er 
c o effi ci e nt s. T h er ef or e t h e u s u al st e p of c ali br ati o n of t h e 
m o d el m u st r at h er b e c o nsi d er e d h er e as a v ali d ati o n st e p, 
si n c e Stri c kl er c o effi ci e nt s ar e c h a n g e d f or e a c h si m ul ati o n.  
M o d el s ar e v ali d at e d j oi ntl y b et w e e n E D F a n d S M A V D. 
S M A V D h as a l ar g e e x p eri e n c e of D ur a n c e Ri v er t h at h el ps 
E D F t o i nt er pr et m o d el r es ult s. Fl o o ds m ar ks ar e c o m pl et e d 
wit h i nf or m ati o n fr o m fl o o d wit n ess es a b o ut s p e cifi c fl o o d e d 
ar e as. 
Air p h ot o gr a p hs w er e d o n e si m ult a n e o u sl y wit h t h e 
LI D A R d o n e i n M ar c h 2 0 1 6 u s e d f or t h e b at h y m etr y. T h o s e 
p h ot o s ar e u s e d t o d efi n e t h e st at e of v e g et ati o n i n cl e ari n g 
c h a n n el f or v ali d ati o n st e p. 
A si g nifi c a nt fl o o d ( 1 6 5 0 m 3/ s) o c c urr e d i n N o v e m b er 
2 0 1 6 d o w nstr e a m t o t h e c o nfl u e n c e b et w e e n D ur a n c e a n d 
B u e c h Ri v er. F or m o d el s d o w nstr e a m t o t hi s c o nfl u e n c e, t h at 
fl o o d i s u s e d f or v ali d ati o n. F or m o d el s u pstr e a m t o t h at 
c o nfl u e n c e, o nl y o n e fl o o d o c c urr e d i n t h e l ast 2 0 ye ars. It w as 
i n 2 0 0 8. B et w e e n 2 0 0 8 a n d 2 0 1 6 b at h y m etr y a n d v e g et ati o n 
of D ur a n c e ri v er b e d h a v e c h a n g e d. T h u s, v ali d ati o n i s m or e 
c o m pli c at e d b e c a u s e of t h o s e e v ol uti o ns.   
 Ar e a           S urf a c e               L e n gt h                 Wi dt h 




D.  D at a f o r M o d el u si n g 
1)  S e n siti v e a r e a s: T h e pr ef e ct ur al d e cr e e gi v es crit eri a 
f or s e nsiti v e ar e as ( a n a v er a g e d i n cr e as e of 5 c m i n hi g hl y 
s e nsiti v e a n d 1 0 c m i n m o d er at el y s e nsiti v e ar e as). B ut t h at 
d e cr e e d o es n ot cl e arl y d efi n e t h e s e nsiti v e ar e as n or t h e 
s urf a c e ar e as t o a v er a g e fr e e s urf a c e el e v ati o n. T h er ef or e, first 
st e p w as t o as k a ut h oriti es f or t h e d efi niti o n of s e nsiti v e ar e as. 
Hi g hl y s e nsiti v e ar e as ar e ur b a n ar e as ( d efi n e d i n fl o o di n g 
pr e v e nti o n m a ps or i n C ori n e L a n d C o v er [ 1] d at a b as e if 
fl o o di n g pr e v e nti o n m a ps d o es n ot e xi st). M o d er at el y 
s e nsiti v e ar e as ar e a gri c ult ur al ar e as, e x c e pt m e a d o ws (s urf a c e 
ar e as ar e d efi n e d wit h C ori n e L a n d C o v er d at a b as e).  
2)  E n vi r o n m e nt al st a k es: b ef or e u si n g a m o d el, 
e n vir o n m e nt al i n v e nt or y ar e d o n e t o l o c ali z e v e g et ati o n wit h 
hi g h e n vir o n m e nt al i nt er est s i n t h e cl e ari n g c h a n n el. T h e 
o pti mi s e d c h a n n el will tr y t o t a k e i nt o a c c o u nt t hi s i n v e nt or y. 
V e g et ati o n wit h l o w e n vir o n m e nt al i nt er est s (i n v asi v e 
pl a nt s …) will b e cl e ar e d first.  
3)  St u di e d fl o o d s:  Pr ef e ct ur al d e cr e e gi v es crit eri a 
r e g ar di n g t h e i n cr e as e of t h e fr e e s urf a c e el e v ati o n “f or t h e 
m o d er at el y s e nsiti v e ar e as o v erfl o wi n g fl o o d, f or t h e hi g h 
s e nsiti v e ar e as o v erfl o wi n g fl o o d a n d f or d y k es d esi g n fl o o d ”. 
I n a m o d el, t h er e ar e a l ot of s e nsiti v e ar e as a n d oft e n a l ot of 
d y k es. T h er ef or e, t h o s e 3 fl o o ds c a n n ot b e e x a ctl y d efi n e d. 
E D F c h o s e t o d esi g n t h e o pti mi s e d c h a n n el o n o n e fl o o d – 3 0, 
5 0 or 1 0 0 ye ar r et ur n p eri o d – a n d t h e n t o v ali d at e t h at 
o pti mi s e d c h a n n el wit h m a n y fl o o ds wit h a r et ur n p eri o d 
r a n gi n g b et w e e n 3 0 a n d 1 0 0 ye ar ( wit h a st e p of 1 0 0 m3 / s). 
E.  M o d el u si n g 
F r om  t h e v ali d at e d m o d el, t h e s e nsiti v e ar e as m a p a n d t h e 
e n vir o n m e nt al st a k es, t h e fi n al c h a n n el t o b e cl e ar e d c a n b e 
o pti mi s e d. T hi s i s u s u all y d o n e i n 2 st e ps: o n e “ m a n u al ” st e p 
t o d esi g n t h e o pti mi s e d c h a n n el wit h o n e fl o o d a n d o n e 
“ a ut o m ati c ” st e p t o v ali d at e t h e o pti mi s e d c h a n n el wit h m a n y 
fl o o ds. 
•  M a n u al st e p: 3 0, 5 0 a n d 1 0 0 ye ar r et ur n p eri o d fl o o ds 
ar e si m ul at e d wit h t h e r ef e n c e c h a n n el ( cl e ar e d c h a n n el – 
Stri c kl er c o effi ci e nt of 3 0 m 1/ 3/ s). T h e m o st r el e v a nt fl o o d i s 
c h o s e n f or o pti mi s ati o n ( d e p e n di n g o n o bs er v e d o v erfl o wi n g 
b et w e e n ri v er b e d a n d fl o o d pl ai n a n d fl o o di n g ki n eti c). T h e n 
t h e c h o s e n fl o o d i s si m ul at e d wit h t h e a ct u al st at e of 
v e g et ati o n ( Stri c kl er c o effi ci e nt of 8 m 1/ 3 / s i n ar e as wit h 
v e g et ati o n – v e g et ati o n i s s u p p o s e d t o b e c o m e m at ur e – a n d 
3 0 m 1/ 3 / s i n ar e as wit h o ut v e g et ati o n – t h o s e v al u es ar e b as e d 
o n S M A V D e x p eri e n c e f e e d b a c k). T h e r es ult s of t h at 
si m ul ati o n ar e c o m p ar e d t o t h e r es ult s wit h t h e r ef er e n c e 
c h a n n el. If t h e crit eri a t h e fr o m pr ef e ct ur al d e cr e e ar e m et, 
c h a n n el s wit h m or e v e g et at e d z o n es ar e t est e d. O n t h e 
c o ntr ar y, if t h e crit eri a ar e n ot m et, c h a n n el s wit h l ess 
v e g et at e d z o n es ar e t e st e d f oll o wi n g t h es e pri n ci pl es :  
o  tr yi n g t o k e e p v e g et ati o n u pstr e a m of hi g hl y 
s e nsiti v e ar e as t o li mit fl o o di n g d o w nstr e a m a n d w h er e t h er e 
ar e i nt er esti n g e n vir o n m e nt al sit es  
o  V e g et ati o n i s cl e ar e d d o w nstr e a m of hi g hl y 
s e nsiti v e ar e as a n d n e ar c o n n e cti o ns b et w e e n ri v er b e d a n d 
fl o o d pl ai n t o l o w er w at er l e v el s at t h o s e k e y p oi nt s. 
Fi g ur e 3: B o n p as L e R h ô n e m o d el – s e nsiti ve ar e as m a p ( hi g hl y s e nsiti ve i n r e d a n d m o d er at el y s e nsiti ve i n y ell o w) 




Ulti m at el y, v e g et ati o n i s m a xi mi s e d wit h r es p e ct of t h e 
d e cr e e.  
•  A ut o m ati c st e p: O n c e a n o pti mi s e d c h a n n el i s f o u n d 
f or t h e c h o s e n fl o o d, t hi s c h a n n el h as t o b e v ali d at e d f or ot h er 
fl o o ds. All fl o o ds wit h a r et ur n p eri o d r a n gi n g b et w e e n 3 0 
a n d 1 0 0 y e ar wit h a st e p of 1 0 0 m 3 / s ar e si m ul at e d t wi c e: wit h 
t h e o pti mi s e d c h a n n el a n d wit h t h e r ef er e n c e c h a n n el. F or 
e a c h fl o o d, t h e m a xi m al w at er l e v el wit h t h e o pti mi s e d 
c h a n n el i s c o m p ar e d t o t h e w at er l e v el wit h t h e r ef er e n c e 
c h a n n el. A n a v er a g e d diff er e n c e i s c o m p ut e d i n e a c h 
s e nsiti v e ar e a t o v ali d at e t h e o pti mi s e d c h a n n el f or e a c h 
fl o o d. F e w a dj u st m e nt s of t h e o pti mi s e d c h a n n el c a n b e 
n e c ess ar y t o m e et t h e d e cr e e crit eri a f or all fl o o ds.  
III. B O N P A S L E R H Ô N E M O D E L  
T h i s m et h o d ol o g y w as first a p pli e d t o d efi n e t h e o pti mi s e d 
c h a n n el i n t h e d o w nstr e a m p art of D ur a n c e Ri v er. M o d el w as 
b uilt fr o m B o n p as D a m t o R h ô n e c o nfl u e n c e ( B D 1 0 i n Fi g. 1). 
As Fi g. 3 s h o ws, fl o o ds m ai nl y c o n c er n t h e l eft b a n k of 
D ur a n c e Ri v er a n d t hi s b a n k i s al m o st e v er y w h er e c o v er e d b y 
s e nsiti v e ar e as. 
T h e first si m ul ati o ns wit h a Stri c kl er c o effi ci e nt of 8 m 1/ 3 /s 
w h er e v e g et ati o n i s n ot cl e ar e d s h o w e d t h at n o m at ur e 
v e g et ati o n c o ul d b e pr es er v e d t o r es p e ct t h e crit eri a of t h e 
pr ef e ct ur al d e cr e e. T h er ef or e, it w as c h o s e n t o p arti all y cl e ar 
v e g et ati o n t o fi n d a c o m pr o mi s e b et w e e n t ot al cl e ari n g a n d 
m at ur e v e g et ati o n. T h e Stri c kl er c o effi ci e nt c orr es p o n di n g t o 
p arti all y cl e ar e d v e g et ati o n w as c al c ul at e d wit h B a pti st 
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Wit h H w at er d e pt h, C k  C h é z y c o effi ci e nt, Cb  C h é z y 
c o effi ci e nt of a cl e ar e d ar e a, C d  dr a g c o effi ci e nt, m v e g et ati o n 
d e nsit y, D a v er a g e d di a m et er of tr e es, a n d R h h y dr a uli c r a di u s. 
A Stri c kl er c o effi ci e nt of 1 9 m 1/ 3 / s w as ass o ci at e d t o p arti all y 
cl e ar e d v e g et ati o n. Wit h t h at c o effi ci e nt, f e w i nt er esti n g 
e n vir o n m e nt al sit es c o ul d b e k e pt. 
Aft er m a n y si m ul ati o ns of t h e 1 0 0 ye ar r et ur n p eri o d fl o o d 
( 5 0 0 0 m3 / s), a n o pti mi s e d c h a n n el w as f o u n d. T h e fl o o d 
di s c h ar g e f or 3 0 ye ar r et ur n p eri o d i s 3 0 0 0 m 3 / s. T h er ef or e 4 2 
si m ul ati o ns, 2 1 si m ul ati o ns b y 1 0 0 m 3 / s st e p f or t h e o pti mi s e d 
c h a n n el a n d as m a n y si m ul ati o ns f or t h e r ef er e n c e c h a n n el, 







Fi g ur e 4: o pti mis e d c h a n n el f or B o n p as L e R h ô ne m o d el (r e d a n d or a n g e: t o 
c le ar, gr e e n a n d y ell o w: t o p arti all y cl e ar) 
I V. B RI L L A N N E M O D E L  
T h e Brill a n n e m o d el w as t h e s e c o n d m o d el f oll o wi n g t h e 
m et h o d ol o g y e x pl ai n e d a b o v e. T hi s m o d el c orr es p o n ds t o 
M D 0 4 i n Fi g. 1. As Fi g. 5 s h o ws, fl o o ds m ai nl y c o n c er n t h e 
l eft b a n k of D ur a n c e Ri v er a n d t h er e i s a l ot of s p a c e b et w e e n 
t h e ri v er b e d a n d t h e s e nsiti v e ar e as. 
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The clearing channel is 200m width in this model but the 
active river bed is larger. Contrary to Bonpas Le Rhône model, 
mature vegetation will not grow in all areas where EDF does 
not clear. Therefore, air photographs between 2000 and 2016 
(around 8 photographs are available) were used to determine 
the exact active bed of Durance River. Then, averaged 
vegetation surfaces in that bed were estimated on each 
photograph and analysed regarding occurred floods and past 
clearing done by EDF to determine a state of vegetation 
without EDF clearing. This state of vegetation was assimilated 
to a Strickler coefficient of 24 m1/3/s (with few simulations). 
To optimise the clearing channel in Brillanne model, a 
Strickler coefficient of 24 m1/3/s was used for the active river 
bed outside the clearing channel and for the non-cleared areas 
in the clearing channel. 
Contrary to Bonpas Le Rhône model, thanks to floods 
naturally clearing vegetation in the active bed and because of 
less sensitive areas, many parts of the clearing channel can be 
preserved in the optimised channel.  
The reference and the optimised channels are compared 
considering an averaged state of vegetation in the river bed 
outside the clearing channel. The real state of vegetation 
depends on recent floods. Therefore recent Air photographs 
are analysed before clearing works to evaluate the state of 
vegetation all over the river bed and to determine how to fit 
the optimised modelled channel. 
 
Figure 5: Brillanne model – sensitive areas map (highly sensitive in red and 
moderately sensitive in yellow) 
 
 
Figure 6: optimised channel for Brillanne model (orange: to clear) 
V. CONCLUSION 
Since building of Serre-Ponçon and Sainte Croix dams in 
Durance river basin, EDF has to clear vegetation in the river 
bed to replace the natural effect of floods on vegetation. A 
prefectural decree was published to reconcile safety and 
Sensitive areas map 
■   Highly sensitive 
■     Moderately sensitive 
■ ■ Dykes 
■      Model boundary 
Legend 
Target 
■ To clear  
■ Model boundary 
■ Active bed 
■ Clearing channel 
Legend 
Target 
■ To clear  
■ Model boundary 
■ Active bed 
■ Clearing channel 




environmental management during clearing works. 
TELEMAC modelling is done by EDF to find an optimised 
clearing channel respecting that prefectural decree. The 
methodology was established with SMAVD and Authorities. 
This methodology was already successfully used for 2 models 
with few adjustment to local context. 
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